Abstract.-The present study proposes the implementation of a new system of rainwater disposal, called Sustainable Roads, responding to two issues present in the city of Guayaquil: The effects of the floods as well as the urban rehabilitation of settlements, through the harvesting and reuse of rainwater. The system used as residential roads includes a layer of treat (surface layer/cover) consisting of a kind of concrete so that it has the necessary resistance for residential traffic, but permeable enough so the rainwater can go through the filtering layers made of zeolite and gravel reaching the necessary removal of total suspended solids for its posterior usage. The filtered water conduction occurs through a PVC pipe perforated that guides it to the distribution system, supplying water for discharges from toilets, outdoor cleaning and maintenance of green areas. As a method of abstraction, to verify the correct functioning of this type of roads, a model has been built retrieving flow uptake and solids removal data. The purpose of the implementation of the Sustainable Roads in new projects and in the rehabilitation of irregular settlements areas, is to have a system for the disposal of rain water that works both as an effective flood control, and as the means of its acquisition for the preservation of drinking water while conserving hydric resources. Abstract.-The present study proposes the implementation of a new system of rainwater disposal, called Sustainable Roads, responding to two issues present in the city of Guayaquil: The effects of the floods as well as the urban rehabilitation of settlements, through the harvesting and reuse of rainwater.
I. INTRODUCTION

A. Urban growth
As a consequence of the continuous population growth in the Ecuadorian cities, two urban conceptions have been produced; irregular settlements and the proliferation of inmobiliary projects in the cities surrounding areas.
Focusing on the city of Guayaquil, the plausibility of horizontal growth of the city has led to the development of urbanizations, and irregular settlements, as a response to the need of housing by two different socio-economical classes, but with the same needs of habitability in terms of infrastructure, accessibility and comfort. These two types of settlements require circulation routes that not only grant quick access, but also allow to accommodate the distribution of drinking water facilities and sewage disposal.
One of the perennial social problems for the municipality of Guayaquil is the provision of drinking water and sewage service, as well as the paving of the streets for the settlements that were not designed under the light of a technical and urban optic, considering the topography, height of flood, etc. Increasing the degree of difficulty to answer effectively to the needs of habitability of the population.
B. Flood control
One of the consequences of the technical failure or urban planning becomes evident every winter with the floods of citadels. Since the rain water or sewage system (if it is a combined system: sewage and rain water) fails to be sufficient to the intensity of rain, it collapses, flooding streets and even housing sectors causing the proliferation of diseases plus economic losses. [1] Controlling floods in a city as Guayaquil with a high annual rainfall, with a traditional system for rainwater disposal (gutters, drains and pipes), is even more difficult if a proper control has not existed since its conception, yet that's the case in the previously described irregular settlements. 
C. Sustainability
The preservation of water resources has become a repeated element in any project with a sustainable grade. A practical way conceived has been the uptake of rainwater to be treated and subsequently used as drinking water, irrigation or recreation. This treatment changes according to the water quality parameters required for its consumption. Rainwater reuse would not only lead to the decrease of water consumption coming from the supply system, but it would also reduce the flow entering the waste water treatment plants, helping to save costs and preserving water sources such as rivers.
II. SCOPE
For the feasibility of this project's implementation, three important aspects are to be considered; the need of flood control works, the hydrology of the site and availability of materials.
The need for flood control works covers both the demand for housing due to population and commercial growth of the area, as the locations of the study area in flood-prone areas.
The hydrology of the site defines both the intensity and the periods of rain annually, with which the dates for the reuse of water rain and the volumes to be captured can be defined. When combining the need for flood control works and the hydrology of the site, they become key factors on the feasibility of the project's implementation, since in the absence of them, the floods can be prevented with conventional civil works.
But as it is well known, in Ecuador, especially in provinces of the coastal region like Guayas, Los Ríos, Manabí, that are linked to the great basin of the Guayas River, there are many areas prone to flooding, as it has been perceived over the years [2] . Being almost imperative to seek solutions to reduce and prevent damage.
Finally, the availability of the materials needed for the construction of the pavement as well as the filter bedding, are necessary because the conceivability of the costs of work is affected.
"Sustainable Roads: reuse of rainwater and Flood Control" can be run in any area where it's implementation is needed, it may have a regional scope, without neglecting the variables described in this section.
This project in a specific manner, performs a local diagnosis of Guayaquil and surrounding areas, analyzing the standard residential area of the city.
III. LITERATURE REVIEW
A. Design of rigid pavements
Rigid pavements are structural road elements consisting of a slab of concrete which has a considerable flexing resistance allowing them to perform as if they were beams, they suffer little deterioration, its maintenance expenditure is low, but they have a higher cost than flexible pavements.
In the 1960s, the AASHTO design method was developed in the United States by the American Association of officers of state highways and transportation (AASHTO), based on a test scale for 2 years in the State of Illinois, for the purpose of making formulas and correlations that represent the proportionality between the deterioration and the demand of different sections of flooring by users.
The improved version is the AASHTO 93, published in the year of 1993, which presents a concept of serviceability on the design of pavement as a measure of capacity to generate a layer of tread smooth and comfortable for the user. [3] 
B. Pervious concrete
In accordance with the ACI 522R-10, the term "pervious concrete" typically describes a material's texture with a nearzero slump, its dosage consists of cement, coarse aggregates, little or no fine aggregate, additives and water. The combination of these ingredients will produce a resistant material with enough cement paste to cover the particles aggregate thickness, with connected pores, which range in size from 2 to 8 mm, allowing water to pass through them easily. The empty content can vary from 15 to 35%, with a compressive strength from 3.0 to 18 MPa. The drainage of the pervious concrete floor rate will vary with the size of the aggregates and the density of the mixture. Furthermore, the pervious concrete floor reduces the impact of urban development through the reduction or elimination of rates of runoff of rainwater, replenishing the natural aquifers. [4] 
C. Zeolite and its application in water treatment
Mechanisms of removal of particles (filtration), depend on a complex combination of physical and chemical mechanisms in water treatment, adsorption is the most important role, since as the water runs through the filter bedding, suspended particles (TSS: total suspended solids) come in contact and are adsorbed on the surface of the grains of filtering material. [5] Zeolites are Nonmetal mineral compounds, which belong to the Group of the tectocilicates and chemically are hydrated aluminosilicates. Currently, approximately 60 natural zeolite species have been recognized and possess characteristics of selective adsorption, being that the reason why they are called "molecular sieves". In Ecuador, research on zeolites has been happening from the early 1990s, since the year 2000, important universities in the region in cooperation with well renown universities from Belgium and Spain, have been studying the presence of zeolites in the province of Guayas [6] , specifically in the Cayo formation, estimating 1423375 m3 of exploitable zeolite. [7] IV. METHODOLOGY
A. Design of rigid pavements by the AASHTO 93 method
The design of rigid pavements by the AASHTO 93 method involves the analysis of different variables such as traffic, characteristics of the soil, drainage, climate, level of desired serviceability, load transfer capability, and the degree of reliability of the results according to the importance of the road.
The use of all factors predicts a reliable behavior of the structure of the floor avoiding the collapse in its service life.
The 
B. Pervious concrete dosing
The process of permeable concrete mixture proportions development is often repeated with efforts of trial and error. Generally, a balance must be found between voids content, resistance, workability and paste content. ACI provides a method for essay mixtures that provides a pervious concrete intended to be used on floors and other applications where the drainage, filtration and high porosity are needed [4] .
The most relevant considerations for the dosage of pervious concrete are described below:
Aggregates. Size 7 (1/2 "to 4), 8 (3/8" to 8), 67 (3/4"to no.4).
Cement. Adjusted to the norm NTE INEN 490 [12] or NTE INEN 2380 [8] .
Water: Is used for drinking water or other water that complies with the regulations. [9] Water/cement ratio: Important consideration to obtain the desired resistance and void structure into the pervious concrete. Between 0.26 and 0.45 water/cement ratio ranges will produce the best coating for aggregates and stability of paste.
Empty content: To ensure that the water will pass through the void, the void contents must be greater than or equal to 15%.
Amount of added thickness: The dry density of compacted coarse aggregate is used [10] , to dose Pervious concrete.
Paste volume, water and cement content: The dosage of Pervious concrete seeks to establish a minimum volume of paste needed, maintaining the necessary void structure, providing strength and workability. After the volume of paste has been determined and selected, the mixture water/cement ratio, the amount of cement and water can be determined by the following relationship of absolute volumes: Vp=Vc+Vw
Once the concrete has been dispensed and produced, it must be tested to the requirements of quality control [11] , but the necessary trials for the design of pavement are resistance to compression and bending of concrete. [12] [13]
C. Removal of TSS with zeolite filter
The total suspended solids are a portion of solids that are retained on a filter free from ashes of fiberglass with a porosity of approximately 0.45 µm. Previously weight, a wet filter is placed in a filtering appliance where suction is applied, then the filter containing the residue is dried in an oven then the sample is cooled. The difference in weights are the total suspended solids which are expressed in milligrams of suspended solid per liter of filtered water.
[14]
D. Estimation of flow rain
For the estimation of the maximum flow of rain, we will use an empirical method, the rational method, which consists in the application of the following equation: Q=CIA Q: maximum flow rate (m 3 /s) C: runoff coefficient I: intensity of rain (m/s) A: contribution area (m 2 ) The runoff coefficient is of projects normal nature and is estimated continuously.
It is important to define that for the application of the method, we need to have an area smaller than 1500Ha and a concentration time not higher than 6 hours of rain.
E. Abstraction a pervious concrete pavement section.
For removals of TSS and the infiltration coefficient calculation, we use an abstraction of our sustainable pathway of 0.25 m2, which was built with estimated measures of our structure of pavement with the following configuration: The pavement was built in a way that mimics the true construction process, placing 6 pipes of 4 inches in diameter that simulate an average collection of rain water pipe, a layer of stone was placed with the function of the drainage layer, 2 layers of zeolite with nominal maximum size of 2.36 mm and 1 mm respectively were over imposed.
The design of Pervious concrete previously dispensed, was designed, which was submitted to the compressive strength tests [12] and Flex [13] , parameters necessary for the design of rigid AASHTO 93 flooring. Subsequently the pavement was submitted to real conditions of flow rates for the calculation of removals of SST and infiltration coefficient where a volume was poured and the outgoing volume of the pipes was measured, obtaining the following results: 
A. Calculation of rigid pavement and concrete dosage:
Based on the information previously gathered, the AASHTO 93 general equation for the design of rigid pavement was applied and the ACI method for the dosage of pervious concrete. The result of the thickness of the pavement is 23.32 cm, which for safety was round up to 25 cm.
B. Design capture, re-use of rainwater and Flood Control
For the design of the collection system, rainwater reuse and flood control, a citadel type model was used.
C. Permeability coefficient (C)
According to abstraction explained in the methodology section, we calculated a coefficient of permeability of 0.82
D. Rainfall intensity (I)
By applying the equations developed for the city of Guayaquil INAMHI (1999):
= 288.42( −0.7779 ) According to a runoff which occurrence has a return period of 10 years, with a daily intensity ( ) 6.5 mm/h and for a duration of 6 hours (t) rain time, an intensity of precipitation ( ) is 19.25 mm/h is obtained.
E. Area of contribution (A)
The input area is of 27088.63 m2, which corresponds to the area of routes (25% of the area of implementation)
F. Period of uptake of rainwater
The rainy season extends from November to June, however the increased rainfall occur during January to May, considering this as the period of uptake for the system, being the maximum rainfall for 24 hours during the rainy period regular to the city of Guayaquil from 70 to 150 mm and an average of 25 mm according to the INOCAR. [15] Fig . 5 Monthly distribution of rainfall in the city of Guayaquil. [15] 
G. Flow rate and volume of recruitment
The rational method formula was used for the determination of the flow of rainwater to capture (Q = CIA). Represents a flow of 0.119 m3/s and considering a duration of 6 hours average rain, estimated an available volume of 42.76 m3 for a day during the period of system acquisition.
H. Flow and volume required
The reuse of rainwater is directed to activities that require the range of removal of solids from the total solids within the retrieved through the simulation carried out for the prototype described in the methods section.
The activities are grouped into three functions: recharge toilet tanks, outdoor cleaning and maintenance of green areas.
The demands of cleaning and maintenance are based on ranges of usage and number of toilet tanks according to that consideration that for each for each flush 4 liters of water with are used and a repetition of 3 times per day, per person. 
